Primary cilia respond to intermittent low-magnitude high-frequency vibration and mediate vibration-induced effects in osteoblasts.
Objective: To investigate the role of primary cilia in low-magnitude high-frequency vibration (LMHFV) treatment of MC3T3-E1 osteoblasts (OBs). Methods: We used chloral hydrate (CH), which has a well-characterized function in chemically removing primary cilia, to elucidate the role of primary cilia in LMHFV-induced OB osteogenic responses through cell viability assay, western blot analysis, real time quantitative RT-PCR, and histochemical staining methods. Results: We observed a significant 30% decrease in the number of MC3T3-E1 OBs with primary cilia (reduced from 64.3 ± 5%) and an approximate 50% reduction in length of primary cilia (reduced from 3 ± 0.8 μm) after LMHFV stimulation. LMHFV stimulation upregulated protein expression of the bone matrix markers collagen 1 (COL-1), osteopontin (OPN), and osteoclacin(OCN) in MC3T3-E1 OBs, indicating that LMHFV induces osteogenesis. High concentration or long duration CH exposure resulted in inhibition of MC3T3-E1 OB survival. In addition, western blot analysis and RT-PCR revealed that CH treatment prevented LMHFV-induced osteogenesis. Furthermore, increased alkaline phosphate activity, reduced OB differentiation, mineralization, and maturation, were observed in CH-pretreated and LMHFV-treated OBs. Conclusion: We showed that LMHFV induces morphological changes in primary cilia that may fine-tune their mechano-sensitivity. In addition, we demonstrated the significant inhibition by CH of LMHFV-induced OB mineralization, maturation, and differentiation, which might reveal the critical role of primary cilia in the process.